Although critical thinking (CT) is generally acknowledged as an important aim of higher education, no validated instrument to assess CT in Dutch is available. Moreover, most instruments are validated on a broad sample with people of diverse educational backgrounds. This possibly hampers the reliability of assessing effects of instructional interventions within educational programmes, where diversity is less. This study investigates the psychometric quality of a translation of the Cornell Critical Thinking Test (CCTT) and the Halpern Critical Thinking Assessment (HCTA) in a sample of Dutch speaking freshmen majoring in educational sciences. Results show a higher content validity and preference by students for the HCTA. The CCTT, however, takes less time to administer and score, which makes it easier to use the CCTT on a larger scale. Neither of the two tests shows a high overall reliability. The strength of the correlations between the constructed-response items and the forced-choice items of the HCTA with the CCTT calls for further research on the precise relation between CT skills and dispositions and the ability of the HCTA to assess both independently.
Introduction
The development of critical thinking (CT) is generally acknowledged as an important aim of higher education [1] [2] [3] [4] . Higher education graduates should be able to make decisions based on a well-thought consideration of available information. Research show that students grow in their CT abilities during college [5] [6] [7] [8] , but growth is slow and limited [4, [9] [10] [11] . There is however a lack of validated tests for CT development in Dutch speaking university students. The goal of the present study is therefore twofold: to investigate the psychometric properties of two commonly used tests for CT in Flemish university students within one discipline and to assess their progress in CT using these two tests during one academic year. The results of the study are also valuable outside the Dutch language community because the study adds to the overall understanding of CT and its assessment difficulties. Moreover, the study is confined to students in one discipline in order to know the reliability of the instruments within more restricted populations. There is a demand of CT measures that are able to evaluate instructional interventions [12] . Such instructional interventions are mostly conducted within one discipline, and hence, instruments need to be reliable within a restricted population.
In the following, the concept of CT is described first; afterwards, current tests on CT are discussed. Finally, the purpose of the present study and its design are presented.
The Concept of CT.
Despite the widespread agreement on the importance of the development of CT in students, agreement on its precise meaning is lacking [13] . The latter is exemplified by the variety of existing definitions on CT [14] [15] [16] [17] . At least two different considerations of the conceptualisation of CT can be discerned: (1) considering CT as disciplinespecific and/or discipline-general and (2) considering CT as a set of skills or as a combination of skills with a disposition to be a "critical thinker".
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Concerning the first aspect, Moore [18] distinguishes between two opposed movements in CT: the generalist movement and the discipline-specific movement. For the generalist movement, with Ennis [19] as leading figure, CT is a set of cognitive abilities that can be taught independently of a specific content. The discipline-specific movement, with McPeck [20] as leading figure, considers CT to be dependent on the problem area or the discipline under consideration. He argues that what counts as an appropriate use of scepticism in one discipline or context might be inappropriate in another. However, during the last decade, the discussion between the two movements has become less prominent as most researchers agree that there are some general CT skills, which are applicable in various contexts, while familiarity with a discipline plays an important role too [21] .
A second facet on which scholars differ in their conceptualisation of CT concerns the question whether CT is a set of skills or also a disposition [22] . CT skills refer to, among others, rules of formal logic, consideration of multiple perspectives, induction, and deduction [21, 22] . In a dispositional viewpoint, the motivation and the commitment of a person are included too, to see whether a person is able to recognize and willing to use the needed CT [23] . The dispositional viewpoint encompasses a more holistic view on CT, which stipulates that skills as well as other dispositional components together influence a person's CT performance [22] .
Tests of CT.
The diversity of conceptualisations of CT is mirrored in a diversity of available discipline-specific and discipline-general tests of CT [24] . Even within disciplinegeneral instruments, test developers depart from different conceptualisations of CT or place a different emphasis on particular aspects of CT. To give a few examples, the Reasoning about Current Issues Test (RCI) [25] is based on the Reflective Judgement Model by King and Kitchener [26] . The WatsonGlaser Critical Thinking Appraisal [27] aims at measuring CT as it is defined by Glaser [28] :
(1) an attitude of being disposed to consider in a thoughtful way the problems and subjects that come within the range of one's experience; (2) knowledge of the methods of logical inquiry and reasoning; and (3) some skill in applying those methods. Critical thinking calls for a persistent effort to examine any belief or supposed form of knowledge in the light of the evidence that supports it and the further conclusions to which it tends. (p. 5)
The Cornell Critical Thinking Test (CCTT) [29] is inspired by the Cornell/Illinois model of CT. A fourth example is the Halpern Critical Thinking Assessment (HCTA) [30, 31] , which is based on Halpern's definition [23] . As a final example, the California Critical Thinking Disposition Inventory (CCTDI) [32] claims to measure the inclination or disposition towards CT, as defined by Facione [33] .
In addition to the diversity in conceptualisations, a wide range of item formats is used in tests of CT. Commonly used instruments such as the CCTT [29] use a forced-choice question format. However, in recent literature [22, 24, 34] , it is argued that a combination of forced-choice and constructedresponse items is more suitable to measure CT because the constructed-response format allows better grasping of the dispositional aspect of CT. Unlike forced-choice questions, constructed-response questions enable us to infer the respondent's reasoning behind an answer. Furthermore, the use of forced-choice questions may only indicate whether a respondent can recognize a correct answer or not, but it does not contain information about spontaneous answers from that respondent. As Ku [22] argues, if a test is intended to measure dispositions as well as skills, the test ought to allow respondents to think spontaneously. The HCTA [30, 31] is a test that combines constructed-response and forced-choice items. Apart from the above mentioned item formats, still other formats have been used, such as interviews (e.g., the Reflective Judgement Interview [35] ), essays (e.g., Ennis-Weir Critical Thinking Essay Test [36] ), a combination of essays and multiple-choice questions (e.g., the Critical Thinking Assessment Battery [37] ), and Likert-type statements (e.g., the Problem Solving Inventory [38] ).
The Present Study.
A validated instrument for assessing CT in Dutch language students in higher education is lacking. Merely translating would not be sufficient to guarantee a valid instrument as cross-cultural assessment of generic skills as CT appears to be difficult [39] . Moreover, most tests are validated on a broad population, while most CT interventions are focused on students of one programme, and instruments need to be valid for a population with less variability. Therefore, the present study investigates the psychometric qualities of two instruments for assessing CT in students in higher education in Flanders, which is the Dutch speaking part of Belgium. Two internationally used CT tests were selected and administered to a sample of freshmen (firstyear students), majoring in educational sciences.
Three criteria were used for selecting the two instruments . Firstly, the selected instrument had to measure CT ability irrespective of discipline-specific knowledge of students. Therefore, only discipline-general tests were considered.
Secondly, the underlying conception of CT of the selected instrument needed to fit with how CT is understood and taught in the field under consideration: higher education (HE) in Flanders. In accordance with Cook et al. [40] , a definition was established in close cooperation with representatives of HE institutions in Flanders. This definition fits with how CT is understood and presumably taught in higher education in Flanders. The representatives agreed with the following shortened version of the definition of CT by Facione [33] , which considers CT as a combination of skills, leading a judgement, and dispositions, described as characteristics of the critical thinker:
We understand critical thinking to be purposeful, self-regulatory judgement which results in interpretation, analysis, evaluation, and inference, as well as explanation of the evidential, conceptual, methodological, criteriological, or contextual considerations upon which that judgement is based. . .. The ideal Finally, evidence of the psychometric quality of the instrument needed to be available.
According to these criteria, two Anglo-Saxon instruments were selected: the Cornell Critical Thinking Test-Level Z (CCTT) [36] and the Halpern Critical Thinking Assessment (HCTA) [30, 31] . Although comparable in format, the CCTT was preferred above the Watson-Glaser Critical Thinking Appraisal [27] because of a better match with the definition. The Reasoning about Current Issues Test [25] , although interesting in format, was not selected for this study because the interpretation of the scores was unclear.
The present study investigated the psychometric quality of both tests on four important aspects [16, 40] : (1) reliability, (2) validity, (3) feasibility of the administration and scoring of the tests, and (4) attractiveness of the test for the envisaged respondents.
Estimating the reliability of a test aims at estimating how much of variability in the scores of the test can be attributed to errors in the measurement and how much to true scores [41] . There are different types of reliability. Here, the interrater reliability and the internal consistency are investigated [16] . When a test is scored manually-as is the case for the HCTA-it is important that the scores are independent of the rater. Interrater reliability refers to this criterion. Reliability also refers to the internal consistency of the test [41] , which gives an indication whether the items of a test that measure the same general construct produce similar scores.
The validity of a test refers to the extent to which the test accurately measures what it is supposed to measure [41] [42] [43] . There are different types of validity of which we will assess three: content validity, construct validity, and criterion validity. Content validity concerns the degree to which the items in the test cover the domain of the construct being measured. Construct validity indicates the extent to which the variables of a test accurately measure the construct under consideration. It can be assessed at the level of the test by investigating the relation between the test scores and other tests, which is also called congruent validity. Construct validity can also be assessed at the level of the items of a test, by using factor analysis. Criterion validity can be defined as the ability of a test to make correct predictions. Therefore, it is also often referred to as predictive validity. In our study, both tests were used to assess the progress in CT for freshmen between the beginning and the end of the academic year. In fact, these data can be considered as part of the investigation of the criterion validity of both tests.
Finally, the feasibility of the test concerns the ease of the test to administer and analyse. The attractiveness of a test relates to the extent to which respondents like the test [39] . It is assumed that the more attractive respondents find the test, the more they will be willing to commit to taking the test.
Method

Instruments
Assessment of CT
HCTA. The HCTA [30, 31] is a recently developed disciplinegeneral test which consists of 25 descriptions of daily-life situations. Each situation is offered twice to the respondents: a first time followed by an open-ended question, where students have to construct their own answer (constructedresponse item) and a second time followed by a forced-choice question (forced-choice item). The forced-choice items have different formats: multiple-choice questions with one or with more than one correct answer; rating questions with a Likert-type or with a yes/no scale; and matching questions. The maximum score per item ranges from one to ten. The test aims at measuring five categories of CT. Each category is measured in five situations. When calculating a total test score, the contribution of each category differs: (1) hypothesis testing (24%), (2) verbal reasoning (12%), (3) analysis of arguments (21%), (4) use of likelihood and uncertainty (12%), and (5) decision making and problem solving (31%).
The HCTA results in thirteen different scores. Apart from the total score, there is a total score for the constructedresponse items (constructed-response part) and the forcedchoice items (forced-choice part). In addition, there are five subscores in each category, both for the constructed-response items and the forced-choice items.
For the present study, the five categories of the HCTA show a good correspondence with the first part of the developed definition of CT. By using the constructed-response questions, the HCTA claims to be able to measure CT dispositions [44] . Because the HCTA is a very recent instrument, data about the psychometric features are mainly limited to the test manual and to research in close cooperation with the author. According to the test manual, the HCTA has a high internal consistency (Cronbach's = 0.88 for the total score) [31] . The constructed-response part and the forcedchoice part separately show high internal consistencies as well (resp., = 0.84 and = 0.79). The respondents in the sample reported in the manual have diverse educational backgrounds, and their age ranges from 18 to 72. Reliability analyses of translations into Chinese and Spanish found Cronbach's ranging from 0.69 to 0.77 for the overall test and low reliabilities for the subscales ( = 0.34 to 0.64) [44] [45] [46] . In these studies, the sample consisted of students of different years and of different disciplines.
Correlations between the constructed-response part and the forced-choice part indicate that both parts measure related but distinct constructs [31] . Factor analyses point in the direction of a ten-factor structure (the five categories with a distinction between constructed-response and forcedchoice items) [31] . Evidence for criterion validity has been established by Butler et al. [47] , who found that the HCTA predicts real-world outcomes of CT. In addition there are significant correlations between epistemological beliefs and the HCTA [45] .
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CCTT. The CCTT [29] is a discipline-general test, intended for strong students in upper secondary education, students in higher education, and adults. Developed in 1985, it is a widely used instrument for assessing CT. It aims at measuring five aspects of CT: deduction; semantics; observation and credibility of sources; induction; definition and assumption identification. Each aspect is measured in a separate section in the test, but induction is split into two sections, namely, on the use of induction in hypothesis testing and in planning experiments. The test contains 52 items, all of which are in a forced-choice format. Similar to the HCTA, the CCTT has a relatively good correspondence with the first part of the definition. On the other hand, the second part of the definition, which captures the concept of CT as a disposition, is lacking, because the instrument-as most of the other instruments-only uses multiple-choice questions.
Regarding its reliability, the CCTT's manual reports splithalf reliabilities between = 0.49 and 0.80 and KuderRichardson reliabilities between KR = 0.50 and 0.76 [29] . The respondents in the studies were mostly undergraduate students or graduate students, mostly within one discipline. Taking all studies together, the CCTT was evaluated in a broad range of different institutions of higher education. Erwin [16] reports internal consistency values of = 0.58 in a sample of freshmen and of = 0.72 in a sample of sophomores.
The content validity of the CCTT was assessed by the members of the Illinois Critical Thinking Project, who agreed that the items of the CCTT measure CT as defined by the authors [29] . In addition, there are positive indications for criterion validity. For example, the correlation with the reflective Judgement Interview of King and Kitchener is 0.46 [48] .
Translation Procedures. Both tests [29] [30] [31] were translated into Dutch, following the International Test Commission guidelines for translating and adapting tests [49] . This translation process consisted of several steps, following Wang et al. [50] . After a first translation was made, a pilot study ( = 5) was conducted, in which respondents filled out a translated test and were asked about their comments on the items of the tests during cognitive interviews. Adaptations to the translations were made. Next, a validation of the translation was done using the translation-back technique [51] . In this procedure, the Dutch versions were back translated in English by a third person and the translated version was compared with the original English version. The differences in both versions were discussed, and adaptations were made to the Dutch translations. Finally, both Dutch versions of the tests were administered to two different try-out groups of students in order to fine-tune the translation and cultural adaptation ( = 66 for the CCTT; = 40 for the HCTA).
In order to establish cultural appropriateness for our population [50] , several items of the HCTA were slightly changed during the translation process compared to the original English version. For example, one situation concerns a presidential candidate. This was changed into "politician", because the investigated population does not have a president. In another situation, respondents have to estimate the chances of a young woman to become a famous actress in Hollywood. The Dutch translation specifies that the young woman is American, because the tryout showed that some students' answers were influenced by the assumption that the woman came from a small, non-English speaking country, and that this lowered her chances. Although this was a correct inference, this answer was not intended by the original test.
For the CCTT, one item (item 21) was removed from the translated version, because this item is mainly based on the double meaning of the word "drugs". In Dutch there is no equivalent with the same double meaning.
Assessment of Attractiveness.
The attractiveness of the tests was measured with a self-developed questionnaire consisting of three parts. In the first part of the questionnaire, students were asked to evaluate each test separately on a seven-point response scale (ranging from totally disagree to totally agree) concerning its difficulty, attractiveness, time, and amount of reading/writing necessary to fill in the test. For the CCTT, the use of the forced-choice questions only was also evaluated. Next, students had to make a forced choice between the two instruments, regarding features as being interesting, difficult, and of a good quality to show thinking ability. Finally, students could freely comment on the tests and explain their preference.
Procedure.
Both tests were administered twice as a compulsory part of a first-year module. The tests were first administered at the beginning of the first semester (November) and again at the end of the second semester (May). The CCTT was administered on paper; the HCTA was online. For each test there were different collective sessions, from which students could choose their most convenient moment. In November, the collective sessions for the HCTA and the CCTT were mixed. In May, all the CCTT sessions were planned before the HCTA sessions. After finishing the HCTA in May, students were asked to fill in the attractiveness questionnaire. Each session started collectively. When students had finished, they could leave the room.
The answers to the CCTT and to the forced-choice questions of the HCTA were scored with the key of the manual. The answers on the constructed-response questions of the HCTA were scored according to the Vienna Test System [31] , accompanied with the manual with examples. The Vienna Test System guides the rater through the respondent's answers on the constructed-response questions, with a series of prompts to be answered with "yes" or "no" or "yes", "no", or somewhat. This system is intended to increase the speed and the reliability of the scoring. After the establishment of interrater reliability (see Section 3.2.1 for details), the questions were scored by one rater.
In between the two administration moments, a workshop on CT with twenty representatives of different HE institutions was held. These representatives were partly different from the persons who developed the definition of CT. They were first asked to individually envisage a person in their own field who thinks critically and to write down what the person does. Then, they had to compare in small groups the activities they wrote down and label the activities in abstract words. Afterwards, in a plenary session, they compared the activities with the used definition and with both instruments.
Participants.
The participants were freshmen majoring in educational sciences at the KU Leuven (mean age = 18.2), Flanders, Belgium. In total 179 students filled out at least one test, of which 154 filled out both tests twice. The majority of the respondents were female, which is a normal situation for educational sciences in Flanders (see Table 1 ).
Analyses 2.4.1. Reliability.
For the constructed-response questions of the HCTA, interrater reliability was investigated. Two raters individually scored the responses of 20 students. Afterwards, the differences were discussed in order to make sure that the prompts of the Vienna Testing System were understood in the same way. Next, the responses of 50 randomly selected students were scored by two raters. The results were compared, and differences were discussed. For each item, the proportion of equal scores and the weighted Cohen's were calculated. It was decided beforehand that if questions had a proportion of equal scores lower than 0.7, the responses of 50 additional students would be scored. During the establishment of interrater reliability, the Dutch version of the scoring guide was elaborated with more examples to ease the scoring and make it more transparent. In order to make comparisons with the interrater reliabilities reported in the manual [31] , the correlations between the subscale scores of the two raters were looked at. In addition, the effect of the rater on the means of the subscale scores was calculated by using a paired samples -test.
The internal consistency was measured using the Cronbach's . For both tests, it was calculated separately for the November and May administrations. For the HCTA, it was calculated for the overall result, for the constructed-response part, for the forced-choice part and for the five categories. Because in the HCTA the maximum score differs per item, two types of Cronbach's were calculated: the normal Cronbach's and the Cronbach's of the standardized items. In addition to the analysis based on the scores of the individual items, the internal consistency was also calculated using the sum of the items of each subscale as a variable, because this approach was followed in the manual of the HCTA [31] . This additional calculation allows comparing our results with the results in the manual.
For the CCTT, Cronbach's of sections IV and V and of sections VI and VII was calculated for both sections together, because these sections each measure the same or highly comparable aspects of the CCTT (resp., induction and assumption identification).
Validity.
In order to assess the content validity we evaluated how every single aspect of the developed definition on CT was covered within both tests. These aspects of the developed definition are (1) purposeful, self-regulatory judgement, (2) interpretation, (3) analysis, (4) evaluation, (5) inference, (6) explanation of evidential and conceptual considerations, (7) explanation of methodological considerations, (8) explanation of criteriological considerations (9) explanation of contextual considerations, and (10) the "ideal critical thinker". Additional information on a close match between the conceptualization of CT in Flanders and the instruments was gained during the workshop on CT with twenty representatives of different HE institutions.
In the present study, the correlation between both tests in the same administration period can be used as an indication of construct validity. In addition to the observed correlation, also the correlation with correction for attenuation is used [52] . This correction allows correcting for a lack of perfect reliability, due to measurement errors which are inherent to empirical measures. Due to these measurement errors, the observed correlation is lower than the true correlation [53] . For the HCTA, the total score is taken into consideration, as well as the constructed-response part and the forced-choice part separately. It is expected that the CCTT will correlate higher with the total score and the forced-choice part of the HCTA than with the constructed-response part, because the constructed-response part is intended to measure also the dispositional aspect of CT, whereas the others are more restricted to CT skills.
In addition, the correlation between the constructedresponse and the forced-choice part of the HCTA during the same administration period was looked at. Again, both the observed correlation and the correlation with correction for attenuation were considered. Because the two parts both measure aspects of CT, but with a different focus, a moderately strong correlation is expected.
In order to assess construct validity of the HCTA at item level, a principal component analysis (PCA) with an oblique rotation was planned on the 50 items for both November and May data. Based on the logic of the test, either five or two interdependent factors are expected (reflecting the skills and disposition measured in the respective forced-choices items and the constructed-response items). Before the analysis, the Kaiser-Meyer-Olkin (KMO) measure was used to verify the sample adequacy for a PCA. The latter is confirmed when KMO > 0.5 [54] .
In order to assess the dimensionality of the CCTT, a Multidimensional Item Response Theory (MIRT) model was used [e.g., [55] ]. A MIRT model is also called "item factor analysis". It is similar to a classical factor analysis in that it tries to assess the underlying dimensionality of a test. However, a MIRT model models the data set of the person by item responses directly, whereas a classical factor analysis models the correlations over persons between the responses on the items of a test. Given this different approach, MIRT models are more apt to derive the dimensionality of a test with dichotomous items, because for such items, the correlation matrix is more difficult to assess [55] . The MIRT model was estimated using the R package mirt [56] . Models with one to five dimensions were compared using the Akaike Information Criterion (AIC) or the Bayesian Information Criterion (BIC) [57, 58] . The preference of one model above the other depends on the distance of the model with the data. The smaller the distance (the smaller the value of the criterion), the better the fit between the model and the data [59] . The best fit is expected for a model with five dimensions, given the five aspects of CT underlying the CCTT. Criterion validity was assessed by looking at the correlation between the scores in November and May on the same test and by calculating the progress of individual students across both assessments.
Feasibility.
The time to administer and to score the test was considered as criteria to assess the feasibility.
Attractiveness.
With paired samples -tests the appreciation of both tests was compared. In addition, the proportion of students preferring one test above the other was considered. Tables 2 and 3 describe the CT performance in November and May on the HCTA and the CCTT, respectively. On average, the total score was 116.08 in November and 120.32 in May on the HCTA. The difficulty level of the items varied. Some items were very easy (e.g., in May almost all students answered the forced-choice question of situation 9 correctly). Other items were difficult (e.g., in November almost 9 out of 10 students scored no points on the forced-choice question of situation 17). Similarly the subscales differed in difficulty: items of the argument analysis forced-choice subscale seemed easier for students than items of the hypothesis testing constructed-response subscale. The average difficulty varied between 0.15 and 0.99 proportions of correct answers. The average score on the CCTT was 27.13 in November and 27.53 in May. The difficulty levels of the items differed. Some items were hardly answered correctly (proportion of correct answers of 0.07) while others were almost always answered correctly (proportion of correct answers of 0.96). The difficulty of the subscales also differed: students answered more items correctly on the deduction scale than they did on the meaning and fallacies scale.
Results
Descriptive Statistics.
Reliability
Interrater Reliability.
At item level, there was a high proportion of equal scores and of those satisfying weighted Cohen's , except for four situations (situations 3, 6, 15, and 25), as can be seen in Table 4 . For these four items, the responses of 50 additional students were scored, and then, the results were satisfactory (indicated between brackets). Table 5 shows the correlations between the scores of both raters on the five subscales. According to Cohen [60] , these correlations were large. They were comparable or larger than those reported in the manual. However, the paired sample -tests revealed-in contrast with the manual-a significant effect of rater for the constructed-response part, with a small effect size. For the subscales hypothesis testing and Likelihood and uncertainty, there was also a significant effect with a medium effect size. The scatter plots revealed that on these scales one rater systematically scored somewhat higher than the other. Table 6 presents the internal consistency of the HCTA and the CCTT for the overall test and the different scales for the two test administrations. There was no much difference between both types of Cronbach's . Therefore, the values of the standard Cronbach's are reported below.
Internal Consistency.
The November administration of the HCTA had an alpha of 0.53, which is a moderate internal consistency [60] . The internal consistencies of the constructed-response and forced-choice part separately were low (resp., = 0.34 and 0.35) as well as for the five categories of CT ( < 0.4).
The internal consistency of the May administration of the HCTA was 0.64, which is acceptable [60] . In contrast to the November data, the constructed-response part and the forced-choice part had a moderate internal consistency (resp., = 0.53 and = 0.49). The internal consistencies of the separate CT categories of the HCTA were somewhat higher than in November, but still low to moderate ( < 0.43).
The internal consistencies of the categories were also low in the two test administrations ( < 0.40). Because of the low number of items in the subscales, the interitem correlations were considered, but these were also low (predominantly < 0.20). For each scale, there was a limited number of items which correlated sufficiently with the total scale ( > 0.25) [61] . In addition, for each scale there were items that correlate negatively-but close to zero-with the scale total. The items with a sufficient correlation and with negative correlations differed between the two administration moments. Items which were very easy or difficult generally had a low correlation with the test total.
When calculating the internal consistency similarly as in the manual (taking the scores of the subscales as items), the 's were still low, with the exception of the overall score in May (Table 7) . For the CCTT, the internal consistency was moderate in November ( = 0.52) ( Table 6 ). Only two items correlated sufficiently with the total scale ( > 0.25), and one item correlated negatively with the total scale. The Cronbach's 's for the CCTT subscales were low ( < 0.30). The internal consistency based on May data was the same as for November data ( = 0.52), with five items sufficiently correlating with the total scale ( > 0.25) and seven items with a negative correlation with the total scale. Again, the for the subscales was low ( < 0.30), with the exception of assumption identification, which was somewhat higher ( = 0.42). the HCTA, where respondents had to formulate their own answers. This was not the case with the CCTT. During the workshop with the representatives of different HE institutions, a close match between the perception of CT in Flanders' HE on the one hand and both tests on the other hand was found. All CT activities they identified were covered with the intended categories or sections of both tests. Table 9 shows the correlations between both tests in November in the upper left corner and in May in the lower right corner. All correlations were significantly different from zero, with a small strength [60] . The correlations corrected for attenuation indicated a relationship of medium strength between both tests.
Validity
Content Validity.
Construct Validity.
In November as well as in May, the correlation between the constructed-response and the forced-choice parts of the HCTA was significantly different from zero, with a medium strength [60] . The correlation corrected for attenuation indicated a strong relation between both parts.
The Kaiser-Meyer-Olkin measure to verify the sample adequacy for a PCA indicated that November sample was inadequate, KMO = 0.45 [54] . The Kaiser-Meyer-Olkin measure for May sample was slightly better but still under the criterion of 0.5, KMO = 0.49. Therefore, it was decided to skip the analyses.
The fit statistics of the five exploratory factor solutions indicated that the unidimensional solution was the most parsimonious (Table 10 ). The AIC and BIC values were the lowest for the solution with one dimension, except for the AIC in November, where the two-dimension solution was slightly lower than the one-dimension solution.
Criterion Validity.
The correlations between November and May results on the same (part of the) test were significantly different from zero (lower part of Table 9 ). When the correlations were corrected for attenuation, there was an indication of a strong relationship between the two test moments. 
IV Induction (hypothesis testing) V Induction (planning experiments) Disposition
The ideal critical thinker Constructed-response items / (2-tailed) . 1 The correlation of the total of the HCTA with the constructed-response part and the forced-choice part is left out of the analysis, because the total is partly composed of each part. For both tests, differences between both moments were investigated with paired sample t-tests. For the HCTA, there was a significant growth. This growth was confined to specific subcategories. Students did not advance in verbal reasoning and decision making and problem solving skills. They did advance neither on the hypothesis testing forced-choice subscale nor on the Argument analysis constructed-response subscale. For the CCTT, there was no growth.
Feasibility.
The average testing time of the CCTT was 54 minutes. Students were rather neutral in their opinion when asked if the CCTT takes too long to complete (Table 11) . About half of the students at least slightly agreed that the CCTT took too long. On average, the respondents needed about 80 minutes to complete the HCTA. When asked about their opinion on test administration time, on average students slightly agreed that it took too long to fill in the HCTA. The difference in opinion about test completion time between both instruments was significant ( < 0.001).
The scores of the CCTT and the forced-choice items of the HCTA could be calculated automatically because of the question format. The scoring of the constructed-response items of the HCTA could not be done automatically and was time consuming. It required some practice in order to score systematically. Estimated scoring time after a short training period was 15 min per test.
3.5.
Attractiveness. On average, students slightly agreed that both instruments were difficult, but they found the CCTT significantly more difficult (Table 11 ). Students slightly disagreed that the HCTA was too difficult, while they agreed more that the CCTT was too difficult. This difference was significant ( < 0.001). On average students slightly disagreed that the CCTT was fascinating, while being neutral about the HCTA, which was again of a significant difference ( < 0.001). Finally, for both tests, students were neutral about whether they could have done better on the test if less reading would have been involved. There was no difference between both instruments. They slightly disagreed that they could have done better on the HCTA if they had to write less. They slightly disagreed that they could have done better on the CCTT if they would have had the opportunity to construct an answer themselves instead of being forced to choose an answer from a list. Students were also asked about their test preference (Table 12) . About three-quarters of the respondents preferred the HCTA above the CCTT ( < 0.001). The HCTA was found to be the most interesting, fascinating, and motivating test ( < 0.001). To a lesser degree ( < 0.01), the HCTA was also deemed to be the most challenging test and the test with the greatest possibilities to demonstrate their thinking ability. Most students found the CCTT the most difficult test ( < 0.001). According to our respondents, the HCTA owed its appeal to its use of more familiar, recognizable everyday situations and constructed-response items. These items gave students the opportunity to express their own opinion, what they highly appreciated. Opposed to the HCTA, the CCTT's situations were not familiar, and its questions were regarded to be abstract. Students frequently mentioned the time needed to complete the HCTA and the fact that they had to write a lot themselves as negative points of this test. Hence, it comes as no surprise that the short nature of the multiple response format of the CCTT was cited most often as its major advance.
Discussion
This study compared two internationally widely used instruments to measure CT on their reliability, validity, feasibility, and attractiveness for students in higher education: the HCTA and the CCTT.
Reliability.
The interrater reliability established in the study was satisfying, as measured in the high proportions of equal scores and good to very good weighted Cohen's 's, for almost all items [62] . In addition, the correlations between subscale totals of the two raters were strong. They were higher or comparable to those reported in the test manual [31] . However, in contrast to the manual, there was a significant effect of the rater on the scores. This might be caused by the fact that one rater scored systematically a little higher than the other. Despite this effect of the rater, the interrater reliability was satisfying. It indicates objectivity in the test scores. It seems that grading with the guiding prompts was a valuable way to reach a high interrater reliability.
The internal consistencies found in this study were low. This was not affected by the different weights of the items for calculating the total score, as indicated with the highly similar internal consistency on the raw or standardized item responses. Even when taking into account that the concept of CT is rather complex, the reported reliability measures are not sufficient. Only the reliability of the total score of the HCTA approaches acceptance. The internal consistencies on the tests found in the test manuals and in literature could not be replicated for the Dutch translations of the tests in the investigated research group. The difference between the Cronbach's in this study and other studies might be due to the effect of the restriction of range or differences in the breadth of the population under investigation [53] . Reliability is dependent on the variance: the higher the variance, the higher the reliability. When a diverse population is considered, the variance is higher than that in a more restricted population, which has a positive effect on the reliability [53] . The reliability of the HCTA, reported in the manual, was assessed in a sample of respondents of different age groups and with diverse educational backgrounds [31] , while the investigated population in this study is restricted to freshmen of one major at one university. A comparison between the descriptive statistics of the standardization sample in the manual and those of our sample indicated that although the means were comparable, the variances in the manual were indeed larger than in the present study, supporting the restriction of range explanation. Furthermore, most other studies describing reliabilities of the HCTA and the CCTT used broader samples than freshmen in one discipline.
4.2.
Validity. The content validity of both tests is sufficient. Although neither of the two instruments captures the whole concept, they both match closely to the definition used by higher education staff members in Flanders. The HCTA has an extra strength by using a combination of constructedresponse questions and the forced-choice questions, because the latter makes it possible to measure the dispositional aspects of CT.
Concerning the construct validity, the correlations between both tests during the same assessment period indicated a weak relationship. When the correlations are corrected for attenuation, the relationships indicated a medium to strong relationship. This suggests that the CCTT and the HCTA are-at least partially-measuring the same constructs and that the lack of correlation is partly due to the lack of reliability. Although the HCTA had a higher content validity because of its intention to measure the dispositional component of CT, this difference was not reflected in differences in strength of the correlations. In May, the relationship with the CCTT was even stronger for the constructed-response part than for the forced-choice part, while theoretically the opposite could be expected. The observed and corrected correlations between the constructed-response and forced-choice part of the HCTA are medium to strong. The strength of the latter correlations in combination with the strength of the correlations with the CCTT urges further research on the extent to which the constructed-response items are able to assess CT dispositions separately from the CT skills. Such a study could compare the strengths of the relations between each part of the HCTA and dispositions associated with "critical thinkers", such as tolerance for ambiguity, openness, and conscientiousness.
Construct validity on the level of the items of the test could not be assessed or confirmed. The results of the HCTA were not suitable for a PCA. The MIRT model analyses for the CCTT suggested that a unidimensional model fits better than a five-dimensional model. This finding indicates that the five separate scales correlate sufficiently high to form a single dimension. The sample size of the current study was not sufficient to estimate a confirmatory model with five dimensions with a correlated factor structure. Another explanation for the better fit of the one-dimensional model above the five-dimensional model are the low reliabilities of the subscales of the test. The latter may also be an explanation why the results of the HCTA were not suitable for PCA.
The medium to strong correlations between November and May scores on the same test are a positive indication of the criterion validity of both tests. The results of May administration can be predicted based on November scores.
With the HCTA, a growth in CT was assessed, while no difference was found between both administrations of the CCTT, although there was sufficient possibility for growth. This limited growth is in line with other research on development in CT (e.g., [9, 10] ).
Feasibility and Attractiveness.
Concerning feasibility and attractiveness, both instruments have their own strengths. The CCTT surpasses the HCTA with regard to feasibility. It took considerably less time to administer and to score. This difference was mainly due to the use of constructedresponse questions in the HCTA. With regard to the test administration, there were more students who thought that the HCTA took too long to fill in than students who thought that the CCTT took too long. This was linked to the amount of writing that students had to do, as students indicated the quantity of writing as a disadvantage of the HCTA. With regard to the scoring, the Vienna Testing System was practical, but nevertheless scoring remained more time consuming than the scoring of the forced-choice questions. On the other hand, the use of constructed-response questions was one of the main strengths of the HCTA when it comes to content validity.
With regard to the attractiveness of both instruments, the students expressed that they preferred the HTCA above the CCTT, because the situations described in the test were more related to their daily-life experiences and because they could express their own thinking more. Students considered both tests as difficult, but not too difficult. However, 40 percent claimed that the CCTT was at least slightly too difficult, compared to only one quarter for the HCTA. This finding may explain partly why still 50 percent of the students thought that the CCTT took too long, although it took considerably less time to fill in than the HCTA.
Summarizing, the present study showed that none of the two developed translations of the instruments is sufficient in reliability and validity for freshmen in educational sciences. The fact that only freshmen of one major were assessed is a plausible explanation for the different results in comparison to previous research on both tests. Although this is a limitation of the study, it could also point out that the tests might not be suited to study effects of CT interventions within one programme. The translated instruments hold some promising features, but adaptations in order to increase reliability and construct validity are required.
Moreover, the current study indicated that the constructed-response items of the HCTA are both the most appealing and content relevant characteristic as well as the major challenge of the test. The strengths of the correlations between the CCTT and the constructed-response items and the forced-choice items of the HCTA call for additional research on the question about the precise relation between CT dispositions and skills. Such research could in general focus on the overall question whether dispositions and skills are separately measurable and in particular whether the HCTA is capable of assessing both independently.
